Background Sleep disturbance is suggested to contribute to the development of dementia. However, prospective longitudinal data from middle-aged populations are scarce. Methods We investigated a population-based sample of 2386 men aged 42-62 years at baseline during [1984][1985][1986][1987][1988][1989]. Participants having a history of mental illnesses, psychiatric medication, Parkinson's disease or dementia within 2 years after baseline (n=296) were excluded. Difficulty falling asleep or maintaining sleep, sleep duration and daytime tiredness were enquired. Dementia diagnoses (n=287) between 1984 and 2014 were obtained through linkage with hospital discharge, national death and special reimbursement registers. Cox proportional hazards analyses were performed for all dementias, and separately for Alzheimer's disease (n=234) and other phenotypes (n=53). Additional analyses were performed on a subsample of an apolipoprotein E (APOE) genotype-tested population (n=1199). Results The risk ratio for dementia was 1.58 (95% CI 1.10 to 2.27) in men with frequent sleep disturbance after adjustments for age, examination year, elevated depressive symptoms, physical activity, alcohol consumption, cumulative smoking history, systolic blood pressure, body mass index, low-density lipoprotein and high-density lipoprotein cholesterol, high-sensitivity C reactive protein, cardiovascular disease history, education years and living alone. Daytime tiredness and sleep duration were not associated with dementia in adjusted analysis. In the APOE subsample, both APOE ε4 genotype and frequent sleep disturbance were associated with increased dementia risk, but in the interaction analysis they had no joint effect. Conclusions Self-reported frequent sleep disturbance in middle-aged men may relate to the development of dementia in later life. Having an APOE ε4 genotype did not affect the relationship.
INTRODUCTION
The likelihood of cognitive decline and alterations in the quality and duration of sleep increases with age. 1 The prevalence of dementia doubles every 5 years after the age of 65. 2 Changes in sleep quality and duration both precede and co-occur with dementia. 3 However, prospective sleep and dementia studies have mostly focused on participants older than 60 years with follow-up periods of ∼1-10 years. 1 In the case of Alzheimer's disease (AD), the preclinical disease phase is already present 10-15 years before the onset of clinical symptoms. 4 During this early phase, soluble amyloid-β becomes insoluble. 5 Sleep-wake cycle alterations, poor sleep quality and awakenings during the night increase the concentration of soluble amyloid-β due to enhanced cerebral synaptic activity. A bilateral relationship between amyloid-β accumulation and sleep (sleep-wake cycle alterations 6 and poor sleep 4 7 ) has been proposed in the pathophysiology of AD.
AD accounts for 50-70% of all types of dementia. Other common types are vascular dementia 25%, Lewy body dementias 15% 8 and frontotemporal dementia 10-20%. 9 These dementia types share common risk factors such as a low educational level, sedentary lifestyle, smoking, alcoholism, hypertension, elevated inflammation (high-sensitivity C reactive protein (hs-CRP) >0.3 mg/L), 10 diabetes, stroke and a history of cardiovascular diseases. 2 11 Symptoms of depression and dementia are linked. Depression has been suggested to be the earliest manifestation of dementia before the appearance of cognitive impairment. 12 The apolipoprotein E (APOE) ε4 genotype is related to the development of vascular dementia and AD. 13 An increased AD risk results from the contribution of APOE ε4 to the density of neurofibrillary tangles and amyloid-β accumulation. 14 Obstructive sleep apnoea studies 15 16 have suggested that the APOE ε4 genotype modifies the relationship between sleep and cognitive impairment through unfavourable lipid metabolism. Based on observed neurofibrillary pathology, better sleep consolidation attenuates the relationship between the APOE ε4 genotype and incident AD. 17 Furthermore, the APOE ε4 genotype is associated with an increased risk of insomnia. 18 Self-reported short and long sleep, 19 poor sleep quality, 20 21 awakenings after sleep onset 22 and daytime sleepiness 23 associate with cognitive impairment in the general population of older adults (55-82 years) without major depressive disorder, psychiatric medication, and prior neurodegenerative disease or obstructive sleep apnoea. Prospective studies have shown that difficulties falling asleep, nocturnal awakenings, short and long sleep duration, changes in sleep duration, poor sleep quality, daytime sleepiness and the use of hypnotics precede cognitive impairment and dementia. 19 24-33 To the best of our knowledge, prospective studies in participants who are still middle-aged at baseline are scarce. 25 26 In order to gain further information on midlife sleep disturbances that may precede dementia in later life, we investigated the associations of self-reported sleep duration and quality with incident physiciandiagnosed dementia in a prospective follow-up setting among 2386 middle-aged men from Eastern Finland. Finally, since the APOE ε4 genotype has been found to be connected to poor sleep and dementia, 17 18 we assessed whether the association between sleep disturbance and incident dementia is moderated by the APOE ε4 genotype.
METHODS

Study population
Participants in the Kuopio Ischemic Heart Disease Study (KIHD) were randomly selected from the general population of Kuopio and surrounding areas in Eastern Finland. 34 Baseline data were collected between the years 1984 and 1989 from 2682 men (82.9% participation rate of the invited 3235 eligible men). The men were aged 42-62 years at the time of baseline examinations (mean age 53±5.2 years). The mean follow-up time for incident dementia was 21.9±7.9 years. Participants with a history of mental illnesses, use of psychiatric medication (hypnotics, sedatives or medication for depression) at baseline, or a diagnosis of Parkinson's disease or dementia within 2 years after the baseline (n=296) were excluded from the study, leaving a total of 2386 respondents. Further exclusions for hospital discharge register-based diagnoses of obstructive sleep apnoea, or myocardial infarction, atrial fibrillation and heart failure were conducted for supplementary analyses. Information on APOE genotypes was available for 1199 participants. Additional statistical analyses were performed on the APOE sample. The guidelines laid down in the Declaration of Helsinki were taken into account, and all study procedures were approved by the Committee on Research Ethics of the University of Kuopio. Written informed consent was obtained from all participants.
Outcome
Three national health registers were used to identify incident cases of dementia in the KIHD cohort. The International Classification of Diseases (ICD)-8 code 290, ICD-9 codes 4378A and 290, and ICD-10 codes F00, F01, F02, F03, G30 and G31 were recorded from the hospital discharge register 35 and the national death register. 36 The search covered the period from the beginning of 1984 to the end of 2014. Since 1999, a few years after the first drugs for the symptomatic treatment of AD were launched, diagnosis of AD has been recorded in the Special Reimbursement Register (SRR) maintained by the Social Insurance Institution (SII) of Finland. The SRR is often used as a clinical epidemiology data source for studies on specific chronic conditions, 37 38 including the prevalence and incidence of AD. 39 40 To receive a special reimbursement right, the patient has to be examined, diagnosed and given a certificate by a medical physician. For a diagnosis of AD to be verified and recorded in the SRR, the following conditions are required to be met: the person has (1) symptoms consistent with AD, (2) experienced a decrease in social capacity over a period of at least 3 months, (3) received a CT or MRI scan, (4) had possible alternative diagnoses excluded and (5) received confirmation of the diagnosis by a registered neurologist or geriatrician. Each medical certificate is then assessed by the SII to ensure that a patient meets the diagnostic criteria of the Diagnostic and Statistical Manual Version IV (DSM-IV) and NINCDS-ADRDA for AD. [41] [42] [43] Persons with mixed-type dementia, that is, AD/vascular and AD/Lewy body, are also recorded. AD is the most common cause of dementia, and linkage to the SRR proved to be the strongest method to identify cases of AD-type dementia in the KIHD cohort. The SRR data covered the period from the beginning of 1999 to the end of 2014.
Baseline measures Sleep
Participants completed self-administered questionnaires that were analysed by an interviewer. Sleep disturbance was enquired with the question: 'How often do you have difficulties falling asleep or maintaining sleep?'. Response alternatives were: 'never or seldom', 'occasionally' and 'often'. Information on sleeping hours was obtained with the question: 'How many hours do you usually sleep at night?' Response alternatives were: ≤6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5 and ≥10 hours. Three categories were constructed: ≤6.5, 7-8 and ≥8.5 hours. Daytime tiredness was enquired with the question: 'Do you get tired easily?' with the response alternatives 'yes' or 'no'.
Health and sociodemographic background
Depressive symptoms were assessed with the 18-item Human Population Laboratory (HPL) depression scale. 44 The items evaluate symptoms such as mood disturbance, negative selfconcept, energy loss, poor appetite, concentration difficulties and psychomotor agitation. The HPL depression scale score is generated by assigning one point for each true or false answer indicative of depression (range 0-18). The insomnia item of this scale was excluded. A cut-off point of ≥5 is used to define elevated depressive symptoms. 44 To assess physical activity, the 12-Month Physical Activity questionnaire 45 was administered. This checklist includes the most common physical activities of Finnish middle-aged men (walking, jogging, skiing, bicycling, swimming and games involving physical activity). The participants were asked to record the frequency, average duration and intensity. The energy expenditure from physical activity was expressed as kcal/day.
Alcohol consumption (g/week) was estimated with a structured quantity-frequency method using the Nordic Alcohol Consumption Inventory for drinking behaviour over the previous 12 months. 46 Cumulative smoking history ( pack-years) was estimated as the product of years smoked and the number of tobacco products smoked daily at the time of examination.
Blood pressure was measured with a random-zero mercury sphygmomanometer. The mean value (mm Hg) of six measurements (three while supine, two while sitting and one while standing) was used. Body mass index (BMI) was computed as the ratio of weight (kilograms) to the square of height (metres). In brief, venous blood sampling was performed between 8:00 and 10:00. Participants were instructed to abstain from alcohol use for 3 days and from smoking and eating for 12 hours. Serum low-density lipoprotein (LDL) cholesterol was precipitated by using polyvinyl sulfate (Boehringer Mannheim, Germany) and calculated as the difference between total and supernatant cholesterol. The serum high-density lipoprotein (HDL) cholesterol concentration was determined after precipitation with magnesium chloride dextran sulfate. hs-CRP was measured with an immunometric assay, the Immulite High Sensitivity CRP Assay (Diagnostic Products Corporation, Los Angeles, California, USA), which was standardised against the WHO International Reference Standard for CRP immunoassay 85/506. At the level of 3.2 mg/L, the within-run coefficient of variation was 2.8% and the total coefficient of variation was 3.1%.
A positive cardiovascular disease history was determined based on the following criteria: at least one physician-diagnosed cardiovascular disease (ie, myocardial infarction, angina pectoris, other coronary disease, cardiomyopathy or cardiac insufficiency) and/or nitrate use at least once per week. Angina pectoris was assessed according to the WHO angina pectoris questionnaire (the Rose Angina Questionnaire), a validated instrument to assess symptoms of typical angina pectoris in general populations. 47 Mental disease history was enquired with the questions: 'Have you ever had physician-diagnosed mental illness?' ('yes' or 'no'), and 'Have you ever had physiciandiagnosed severe psychiatric disease?' ('yes' or 'no').
Information on APOE genotypes was available for 1199 men. The APOE genotypes APOE2 (cys112, cys158), APOE3 (cys112, arg158) and APOE4 (arg112, arg158) were determined by using the PCR-restriction fragment length polymorphism method and HhaI digestion, as described by Tsukamoto et al. 48 The APOE genotype statuses were categorised as follows: (1) homozygotic and heterozygotic genotypes of APOE2 and APOE3 (22, 23, 33) ; (2) heterozygotic genotypes of APOE4 (42,43); and (3) homozygotic genotype of APOE4 (44). Categories (2) and (3) were combined for interaction analyses. In addition to health characteristics, participants were asked about use of medication, total years of education and marital status (married or living with spouse vs living alone).
Statistics
Kaplan-Meier survival analysis (Mantel-Cox log-rank test) was applied to assess the differences in the incidence of any type of dementia, AD and other phenotypes among the different sleep variable categories. To compute adjusted risk ratios and CIs, Cox proportional hazards models were used. Covariates were selected based on previous studies. 1 The differences between the baseline characteristics in sleep disturbance categories were explored with the Kruskal-Wallis test due to non-normal distributions of the variables. The χ 2 test was used for the categorical variables. For the Cox proportional hazards models, we first built a model a that was adjusted for age and examination years. Model a was then supplemented with HPL scale scores ≥5 to 
RESULTS
Self-reported sleep disturbances related to dementia
On average, men received dementia diagnoses between 67 and 79 years of age. In the Kaplan-Meier survival analysis (using the Mantel-Cox log-rank test), sleep disturbance (p=0.002) and daytime tiredness ( p<0.019) were associated with the risk of dementia, whereas sleep duration ( p=0.554) was not. A total of 149 (25.9%) men who suffered from daytime tiredness reported frequent sleep disturbance, whereas 299 (51.9%) men reported occasionally disturbed sleep.
In the adjusted Cox proportional hazards analysis, neither sleep duration (see online supplementary table S1) nor selfreported daytime tiredness (see online supplementary table S2) was significantly related to dementia. Therefore, further analyses were conducted for self-reported sleep disturbance only.
Multivariate analyses for self-reported sleep disturbance and incident dementia categories. Men reporting frequent sleep disturbance had ∼1.5-fold increased risk for any type of incident dementia (table 2) in the fully adjusted Cox analysis (model f ). The association was slightly weaker with AD as an outcome, and the full model failed to reach statistical significance. The observed relationship was similar with other dementia phenotypes, but due to low numbers it was not statistically significant (table 2) . After exclusion of men who received a diagnosis of obstructive sleep apnoea during the 1984-2014 follow-up, any type of dementia and AD was associated with incident dementia in fully adjusted Cox analyses (see online supplementary table S3). When men having myocardial infarction, atrial fibrillation or heart failure during the 1984-2013 follow-up were excluded from the study population, a statistically significant relationship was observed for any type of dementia (see online supplementary table S4).
In the APOE subsample, self-reported sleep disturbance, and homozygotic and heterozygotic APOE ε4 genotypes were related to an increased dementia risk (table 3) after adjusting for age, examination year and HPL scale scores ≥5. The selfreported sleep disturbance and APOE ε4 genotype had no significant interaction with respect to increased risk of dementia.
DISCUSSION
Summary of main findings
Middle-aged men who reported frequent sleep disturbance had ∼1.5-fold increased risk of physician-diagnosed dementia in later life. These observations remained significant regardless of adjustments for age, elevated depressive symptoms, physical activity, alcohol consumption, cumulative smoking history, systolic blood pressure, BMI, LDL and HDL cholesterol, hs-CRP, cardiovascular disease history, education years and living alone. In the subsample of the APOE genotype-tested population, selfreported sleep disturbance and the APOE ε4 genotype were related to an increased dementia risk, but there was no significant interaction between sleep disturbance and genotype.
Comparison with previous literature
Our observation of an increased risk of incident dementia in middle-aged men who reported frequent sleep disturbance may support the association between self-reported sleep disturbance and any type of dementia. 1 Since most patients with dementia were diagnosed with AD, the observations with all types of dementias and AD were in line, although the association with AD was slightly weaker. The estimated risk of other phenotypes of dementia was of the same magnitude, or even higher, but due to low number of outcomes the study did not have sufficient statistical power for this analysis.
The observed relationship with dementia is in line with findings reported by Jelicic et al, 26 suggesting that subjectively experienced sleep disturbance in middle age increases the risk of cognitive decline. The study 26 was conducted among 402 women and 436 men who were aged >50 years at the study baseline (average age 63.3±9.1 years). Sleep disturbance was enquired with the Symptom Checklist-90. Mini-Mental State Examination was used to determine cognitive impairment both at baseline and at 3-year follow-up. The authors concluded that depressive symptoms mediated the relationship between sleep disturbance and cognitive decline, because the association became non-significant after controlling for depressive symptoms. Our data suggest that depressive symptoms do not fully explain the associations between sleep disturbance and dementia, because adjusting the observed association for elevated depressive symptoms did not change the results. However, owing to the multifactorial nature of poor sleep, sleep disturbance can be a marker for health-related factors that increase the risk of dementia. 49 Several physiological pathways underlie the link between sleep disturbance and the development of dementia. Chronic insomnia reduces the brain volume. 1 However, the results from structural brain imaging studies among individuals suffering from insomnia are somewhat conflicting. A reduction in the hippocampal volume 50 51 and orbitofrontal and parietal grey matter 52 has been observed, or brain volume changes have not been found. 53 54 Poor sleep and sleep loss are proposed to induce neuroinflammation 55 and disruptions in the production and development of new neurons. 56 Furthermore, accumulation of amyloid-β may disrupt the sleep-wake cycle. As the amyloid-β concentration increases, more sleep-wake cycle alterations occur during the development of AD. 6 Contrary to previous cross-sectional 23 and prospective 31 studies, we did not observe a statistically significant relationship between daytime tiredness and dementia in the adjusted multivariate analysis. Daytime tiredness can occur as a primary condition, 57 or secondarily due to periodic limb movement disorder, insomnia, depression, and cardiovascular or pulmonary disease. 1 58 59 A recently conducted meta-analysis 19 concerning self-reported sleep duration and cognitive performance established that both short and long sleep in older age (>55 years) have been associated with cognitive decline in cross-sectional and prospective studies. Contrary to previous knowledge, we did not observe a statistically significant relationship between self-reported sleep duration and incident dementia.
Previous data on the interaction between the APOE ε4 genotype and sleep regarding an increased dementia risk are scarce. Lim et al 17 analysed 10-day actigraphic recordings among 698 community-dwelling older adults (mean age 81.7 years). The authors hypothesised that the risk of incident AD varies depending on the interaction between the APOE ε4 genotype and sleep consolidation. The results from the interaction analysis revealed that each 1 SD increase in sleep consolidation attenuated the effect of the APOE ε4 genotype on the AD risk by ∼50% during the 6-year follow-up period. The authors concluded that better sleep consolidation attenuated the effect of the APOE ε4 genotype on the risk of incident AD via observed amyloid-β pathological effects on the density of neurofibrillary tangles.
The prevalence of the homozygotic APOE ε4 genotype among those with AD is high, being ∼14.1% in Northern Europe. 60 We observed a slightly higher prevalence of 16.7% among our population with AD. Nevertheless, there is a need for further research on the association between self-reported sleep disturbance in middle age and incident dementia in larger samples within prospective study settings.
Strengths and limitations
Our study comprised a regionally representative populationbased sample of ageing men with a high participation rate. The linkage with three national healthcare registers provided us detailed and clinically confirmed information on incident dementia in the study cohort during the whole follow-up. We were able to take into account several potential confounders, such as elevated depressive symptoms and cardiovascular factors, which contribute to dementia morbidity. To further avoid potentially confounding effects, we excluded participants using psychotropic medication or with a diagnosis of Parkinson's disease.
The following limitations need to be considered when interpreting the findings: (1) the results may not be generalisable to women and younger men; (2) self-reported sleep duration and quality variables may overestimate or underestimate sleep disturbance. Validated scales measuring sleep disturbances could have provided more comprehensive information on the different aspects of sleep; (3) we did not obtain a screening measure of cognitive decline (Mini-Mental State Examination or another comparable test), and we were therefore unable to specifically categorise mild, moderate or severe cognitive impairment; (4) medical records for psychotropic or hypnotic medication during the follow-up were not available.
CONCLUSIONS
Self-reported frequent insomnia in middle-aged men is associated with ∼1.5-fold increased risk of dementia in later life. However, the increased risk was not observed among APOE ε4 allele carriers. Our observation emphasises the role of poor sleep quality in the development of dementia. What is already known on this subject ▸ Sleep disturbance both precedes and co-occurs with dementia. ▸ The preclinical disease phase of Alzheimer's disease begins 10-15 years before the onset of clinical symptoms. ▸ The APOE ε4 genotype increases the dementia risk and modifies the relationship between obstructive sleep apnoea and dementia.
What this study adds
Our data suggest that frequent sleep disturbance in middle age (ie, 42-62 years of age) increases the risk of dementia in later life.
